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Quality Analysis of Sugarcane Plant Water by Nanofiltration During
the Processing of Membrane-Process Brown Sugar
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(Sugarcane Research Institute of Yunnan Academy of Agricultural Sciences, Key Laboratory on Genetic Improvement of

Sugarcane in Yunnan Province, Kaiyuan 661699, China)

Abstract: In order to study the quality and development value of nanofiltration liquid (sugarcane plant water, SPW) by the
No-added brown sugar from membrane processing, red peel fruit sugarcane and ROC 22 were used as materials to evaluate
the nutritional quality with the method of index of nutritional quality (INQ), which could be obtained by comparing and
calculating the physical indexes, chemical indexes, nutritional indexes and volatile aroma components of SPW with 250 u
roll membrane nanofiltration concentration on the basis of two-stage ceramic membranes (800 nm and 50 nm). Results
showed that SPW of two different varieties contained no sucrose and both had the characteristic fragrance of sugarcane
juice. The volatile components shared with sugarcane juice accounted for 50.00% and 60.61% of the total volatile
components in sugarcane juice. Alcohols were the most abundant, and the relative high contents of 2-ethylhexanol, 2-
heptanol, 1-penten-3-ol, hexanol and (-)-isocedarol were higher. More than 14 kinds of free amino acids were detected in
SPW, among which 7 kinds were essential amino acids for human body, accounting for more than 66% of the total free
amino acids, threonine was the most important amino acid with the content in two SPW was 474.67 and 118.11 mg/L,
respectively. The SPW contained 7 mineral elements such as potassium, sodium and calcium, among which the content of
potassium was the highest, reaching 907 and 525 mg/L, respectively. The INQ of potassium and copper was above 40 and
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14, respectively, which was a high-quality source of potassium and copper supplement for human body. In general,

nanofiltration SPW based on No-added membrane brown sugar process was a kind of pure natural plant-flavor drinking

water rich in nutrients, which had a good value of development and utilization.

Key words: sugarcane; nanofiltration; sugarcane plant water; quality evaluation
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Jse 4% 375 1od MR T THA RIS Be KM, sl E Sk 79
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JBBREITIE T U T4, AN AT $RAS A At ok
oL, T BT 2 LU OB i MR HAT 22 AR S 2
53 o ARG HIAERTHA DR ARTE A 800 nm. 50 nm P
B AR FR I 1 T2 A 1, @ Xk B o
HoA 500, 250, 150 u AR kG B XOS  RdE
FRAGLEE VYT, 0 P18 B A AN DE IRt 4737 v il Tk
47, I XA [R] S AR H RS B H A K A SR
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1 MRIERE
1.1 MRS5S

LR HRE JFIm i PE IR B2 T b R WA A5 35 Bt
EH 22 5 (ROC22) =FEALOEEBE H ST
T e — B F 3 g e W B TR AR MR 4l
=99.9%, 1 [EE 2 WA TSR BT 2R A IR bR E S

4l i = 98%, db 5T K IR GIAE YR A R H; 18
MR- SRIRAEYRHE A RS F]; Jo/K Na,CO,.
=R IR . A PERSERAT . £his . & k. KEBI—
i SIS . BRI A AN B A IETIEE. IE
ThE, LW, BB RN, PURIER . 20 Yk
=4 rali .

CeraMem-0100 B3 J57/45 =/ MA B 45 - RNF-
0460 RN/ I s  EITTREERHEA RA
A; kJeltec TM8400 4= HILICEREIY 32 Foss 23
Al; L-8900 4= H sha JLMR M H AR H 32 =ik
ARAAF]; Prodigy HUBFRG S B IR R HHDGIE L 2=
[E Teledyne Leeman LabsZ\#]; ED 40G HL #RTH A

B R A A PR D44 Bl UV-5800 PC #5514300
eI TR R F]; DDSJ-308A HL &
1 SRR A BR S 7] TRACE1310/
ISQ7000 S AH A3 - B B 45 (GC-MS) £ H
Thermo Fisher 23 Fl; 75 wmfik 53 /23R — W 34K
BEAE L (CAR/PDMS)  ZE[E SupelcoZy Al B ZEfE

IgRIRISE ARG IR AT B 32 GE /Kb
PR T2 FR AN B BooiRrERES R L3R 1.

® 1 BOTHHERES R
Table 1 Performance parameters of membrane components
A g LR ARUE kil #RAEIR T BRI
' T BATR @) L(m’h)  (Mpa)  (C)

PR SMC-250 800nm  0.12 950 =0.6 5~85
FIZERE  SMC-210 50 nm 0.12 400 =0.6 5~85

& GE1812 500w 0.37 65 =40 5~50
& DLIS12 250w 0.37 50 =40 5~50
& DKI8I2 150w 0.37 38 =40 5~50

1.2 XFHE

1.2.1 HEEWANE T HIESSI =/ N R
Wt ia, FH 200 B g M pg eyt bR i iy aaE s
51, IS g TN ot Sed R B i SR AR,
IRIG4: 200 HUERS 185 2012578 T

1.2.2 BEERETZ0r%E RASLEN 800 nm. 50 nm
P14 A 2L B B S E J S8 AR T TR 1A BT T, S
77 0.25 Mpa, B EZ% 0.13 MPa, ¥R JE 50 °C,
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Fig.1 Process flowchart of water separated from sugarcane

K1 R B T 2R A

1.2.3 HMIEEALFRARIIIIE  EREE . RENES . R
4y SRSy O TR MR IR CH BE R b A
HEOMHTIT 1) (1995 Ji) #EF T )

1.2.4 REEZWMSEAMSE & Folin-Ciocalteu 7=
ZRESCHR [20—21] By EEINAE o

1.2.4.1 FRAEHHLRHIVE  AEBHICHER 0.1 mg/mL P&
FIRFRUETEWE 0. 0.10. 0.20. 0.30. 0.40. 0.50. 0.60.
0.70 mL F 10 mL b (%8 b, R A 0.2 mol/L
A4 AR AR 153 3055) 1.0 mL Al 15% Na,CO, % # 2 mL,
FHB4i/KERZE 10 mL, ARG, EEFAFE 1 h,
F 765 nm T I RE WG, 25 s FIEE, LA
EETRRUE C(ug/mL) MEALER, BOGIE A ALk
i, 25 BIPRAERTZE A y=0.0952x+0.0023, 58 5
¥ R>=0.9979,

1.2.42 FEAME  WH 1 mL AEHCTF 10 mL Hofd
B R IR R R R T v I e o

1.2.5 WBEEAER BN E S GB/T 8314-
2013 A% Vs S R B AT RE DI SE o

1.2.6 WP EEGEMNE T mEA ST
F R GB 5009.268-2016K & i e 4 FE SEARME &
fi 2 TE R I E DS — TR L B A A TR I
12 (ICP-MS)MI5E -

1.2.7 ZFEMRA LM E ZFCamE s
LR GB 5009.124-201 6 22 = = AR UE £
HR S IR A0 DI RE o

1.2.8 FHFRMSTIIE  ZBFE A s cs
SR FH A ] A 26 BT 2 AR SO 0% - 5T 5% 75 (GC-
MS)IE, (i 52 I s 5 10k

1.2.8.1 GC &fF itE: 2248 HP-INNOWAX
FAIAE (60 mx0.25 mm, 0.25 um); PEFE T 250 °C fi#

e 5 min, ANritaHRE, 20X He, Wit 1 mL/min; FHE
FEF: 50 C A%4F 1 min, DL 4 °C/min T+ & 120 °C, 1%
¥ 2 min, P 4 °C/min & 200 °C, 1235 2 min, LA
15 °C/min J+Z 250 °C, {54 5 min,
1.2.82 MS 4 Brigkscfd: f&5msk 260 °C, BT IR
250 °C, EI ¥, HESHJE 70 eV, 7R 30~450 amu.
1.2.8.3 AFRGHUEHTIE I 5 mL A5 20 mL
TSR, I 0.6 g NaCl, 60 °C 7K ZEHL 50 min
JE AT GC-MS #&:0,
1.2.9 EFREEITH RA INQ &, RE(TEER
JEEEFRRESHHAE )P HERE (LR 2)# T U
T, 24 INQ<I1 B, REFIZIVEFRR S BT IHESE
fitgg i, K EHS SRR ESRY = 4
INQ=1 B}, FRBHIZISE I & A 8 al m THEZRA
g, DA IR IS 29 INQ>2 i), R &Yl
VERZISE TR M RARIEP
—ERAYPIERRS B ZEFREIIEERAE
—E BT R RE R/ fe B T bR iE

1.3 HIEAIE

T SLEG 34T 3 IE 2 W %2, A Microsoft
Excel 2010 FRAFSEATEARAL I, >R A SPSS 22.0 #H47
FOXTREAS ¢ K36, L) P<0.05 25 55 i B Ebr v, 458
FHFREEbRE R ZE RN
2 FERE5HH
2.1 IEERAVIERE

AN )3k pE AL AR 1 4 8 RS LA AN W] g el AR .
MR 3 FTLUE H, 3 BN 72558 R B 4
AR /M R BATR, 250, 150 u 35 iR B - 24738 1853 31
S 500 u B 54.89% Fll 31.95%, SR 4 i I 3 4
A PARAG & 0 T 28808 . 500 Al 250 u 465 H5675 i
WRELAA B W ARV HRRIEAR IR, 150 u A5 A555 0k A5
BRA TR, HAEEARYR M 1918, 308, 8 TU, 5IA 2 4R
B L —2, A 150 u BRSO B T v
@Y, 1 250 u BTG /D e AR Y .
500 u 5 HEF T TR P IRENE 538 2.88%, HAR A IAE 5
S35 0.05% Fll 0%, Ui 250 u AR E FESZEL
X PR 43 2, AR T 3/ NI IR BT T e (5
T2 0.33%), 150 u A B NXT A JFOB AT BEA 10 PF 25
R (F AR 0.02%) o

AR . AT WY SR T R SR
Yo, AR 3 0T LU R RR R oy T S I o
R 0T . TS 2 FE R 11 ST A B I A AR AR B 4T

INQ=

K2 BRESHRAR KRS R

Table 2 Nutrient reference intakes and energy requirements

BRE HEER (gid)  woktka(gd)  #imgd) #M(mgd) H(mgd) H(mgd) #(mgd) #(mg/d) Hl(mg/d) HERE(kJ/d)
SHEFEAE 60 120 2000 1450 900 330 14 10 0.8 9625

T B LA 18~504 15 | Zeifi sk P PR ) P E 3L R TR 184 LA L P . W PRI B A S P I (E T KA G 4% 18~65 2 P45 7 At 1147
BB 18~50 8 58 TR A S P IIE T 45 BE% 18~504 SH AR VIMETTI; k. BF. Hi4218~50% T | WS B MAR TP IHEITI .
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Fig.2 Membrane permeation fluid with different molar weight
cut-off

K3 OB TR B GE W CHRER KO F8hr T 0
Table 3 Indexes of membrane permeation fluid (SPW) with
different molar weight cut-off

SR IBORE, TR JEOME B IR (0.23 /100 g) A7 2K,
TN T 37 2R I B9 410 52 SR A B i UM & B iRy
(1.68 g/100 g), 1A BT F NPT R, MR-
E T AR 53512 0.5°Bx. 0.1°Bx WEITIE T 41 7 5=
PEFE 7K AT SR A S s e o

4 AR REAFEETS H YK B AR
Table 4 Physicochemical indexes of sugarcane juice and
sugarcane plant water from different varieties

) T H AR K
Wi H
2R R ROC 22 R ROC 22
S p el B WHEE  BENE
TR B A TR B A BRI
FRERE (°Bx) 18.3£0.03°  20.8+0.05" 0.5+0.00°  0.10.00"
HERES>(2/100 ) 15.6740.07°  18.71£0.04°  0.00£0.00 0.00+0.00
—
Y 1.69+0.03°  0.19+0.01" 0.40£0.04" 0.00+0.00"
(g/100 g)
e/
BRI 2.12+0.00" 1.08+0.01" 2.21£0.01° 1.49+0.01°
(g/100 g)
e (TU) 2936+7.51"  2289+12.90"  371+7.21" 357+5.77°
TRMUE (MAU)  16724+48.60" 17549+50.33°  2943.79 224322

e wEAs TR0 500 250 150

TZ46b PHEERL/(m’h) 26.6 14.6 8.5

. Bt Pl fik P ik
E TR . e e et i s .

S PRI RETH R SRk BIREIR
e (1v) 1918 308 8

PEFRIR TR (%) 2.89 0.05 0.00

W JEREST (%) 0.33 0.33 0.02

Z B (mg/100 g) 9.5 10.8 1.9

EIHERR AE(mg/100 g) 170.1 118.6 4.0

IR E M (mg/1002) 1757 1223 17.1

B MR URRRARR, HLUIF B 2 R IR (1 BT & 5k
BEUT, UL RSy 8RB SR E A i, (3%
BRI AT LLB I B . 500 Fl 250 u FEE
T BT E 9 9.5 F110.8 mg/100 g, 150 u
A AR 25 B R AIR, AR 1.9 mg/100 g, i 5yt
TS AR EZNEEICIE . SRR . WIMERR . TR L B
BRI SE I RIS AT OCP), HoArF i RZEHE 150~200
[&], Al 53T 500 F1 250 u FHPETHE 150 uis BEdk 4 o
ABFFEN H FE T2 50K Bk 2008 T 2 vh ki ok
W 2 R Rk H A XUSRAK FHZK RO, ST 28
T HE 22 b AR B8 IR RUBR B 0 R8s 35 18 4, Vs D T
T, [ BsF S4B (o RN IRCE 1Y) T2 T A7, 5%
H UL, SRR ST 250 u AUE RS A,
JESEd FREEPE 250 u BREIEFTIREE
22 AEGMEHEEIKIENIER

SR GEAS W] A H AR ) K 04 i B RRAE, AR
FEVEFRLT N T EERN ROC22 AN 22 S i 1
WES P RSB XT G, FEREHTIAR T 224 S BCH AR
YKo R 4 FR W, P H AR K b R
WERE, 55 bRt 43 A5 2 00 H AR K — B
TRz SR AR ) K P A JFOBE 43 SA7 0.40 g/100 g, ROC
22 HARK HE I8 SR, X 5 ROC 22 J2& MUH T3 Hb

TE: "FRAN )RR A —FRARLE0.05 K T | 25 57 i35 Fes~Felil,

WA f b H AR ) 7K B0 F S IR 4343 R 2.21
F1 1.49 g/100 g, By FAHR VT A L SR 53 2.12 A0
1.08 g/100 g, ULHA T I o K ieiE i B I s
ERFE W, T H AR K S IR, R
WA T IR 53 B AR AL AT Uil 52 i S 258 e BRI A8 1 4%
Yo 20 5 SRBEAR P oK 04 B FR 1R BE 4351 Ry 371
IU #1129 MAU, B%&=T- ROC 22 1) 357 1U #1122 MAU,
(AR A FAE .35 22 5 (P<0.05), B - S5 E H s fhr
AN TR R S 2 A . AR,
2N 718 75 8 VR A TR TR 25 B 3R 43 1) 3k #1] 99.8%
99.9%, —_H IR EITC N E 227 (P>0.05), Uil 250 u
B R - Mo BERE 1 IR v (AR TR A TR R o AN
ALY, H IR KSR
23 T RISWHEEYIKEFRKRS REFREITFN

O ) Z 0y B B P AR TE R, AT
T 22 B Z 19 5 b S h0 U I PR TR A AR 58 1) L E A
SR N 5 AT LI Y, LT R SR K T 2
T3 AR 1T & S W 2515 T ROC 22(P<0.05), BiHH
A T 2/ N T B BRSNS AR, 41
B SR RSy H AT ) /K N, LA O v 1 SR (E R
P bisTE. R NS TR B EE IR, M
AFES IR 7 IR, 218 SR A Y K A
RS EIE T ROC 22, 81, 44, 45, B5a
TEAE 32552 (P<0.05) . PAPRES PP S B m,
AFREE] 90.7 Fil 52.5 mg/100 g, v 5 HEER AR & 4
e R e A OGP, BB L BE 3 FROCER K, ik
T£ 0.27~2.39 mg/100 g [8], ffmon &g Pk 5. 40
SRS ICT 0.010 mg/100 g, TR K HY il A4k
ETHEHBR 0.005 mg/100 g), 50Tk A 4G
ZE RS S A 3.5 mg/100 g, #RFE 0.61 mg/100 g.
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fifi % & 0.003 mg/100 g AH FLIGARARD, B 5 3 i
JHH FEECRIANE] . Fhie i - e oo R4 & B
[E, HiEAR Gy Yoo SEtA2ZRA5.

K5 IEFHRER Y KB TR IR BB SR PR PP
Table 5 Evaluation of nutrient composition and nutritional
quality of sugarcane plant water from different varieties

- £t (mg/100 g) EFR PR (INQ)
AN 2 TS ROC 22 LLECRBE ROC 22
g (kJ/100 g)  10.20£0.115"  5.54+0.037" - -
JsE A1 1.16£0.025"  0.70+0.060" - -
Rl 87+2.516"  34+2.082° 1.37 0.98
WokLA&Y  340+0.011°  140+0.006° 2.67 2.03
i 90.744.04"  52.5+4.00" 42.79 4561
i 2.39+0.404"  2.11£0.200" 1.56 2.53
5 1.85+0.361"  1.67+0.208" 1.94 322
BE 0.63£0.153"  0.27+0.015" 1.8 1.4
B 0.011£0.005  0.010+0.015 0.74 1.24
B 0.017+0.040  0.015+0.025 1.60 2.61
il 0.012£0.025  0.010+0.025 14.15 21.72
i <0.005 <0.005 - -
i <0.005 <0.005 - -

TE: e = FOR KM s F6~R 71

INQ 2B E IR R PN i ik, 3 5
PR A H AR B K B S P B Y INQ 43 51 D 42,79,
45.61, H My INQ 4351k 14.15, 21.72, g K F 2,
i W H B AR ) 7K AT A S 81 L 4 ST 2R b s i R ATk
P FREPEEHOCR, EEE MR
PEPEP, QRSP FFoR s IR R 5 AR SR
AR INQ B R 4.40, AN I8 P~ H REAE P 7K
FESH PRI INQ 43518 42,79, 45.61, A N REIG(H
M 10 %, SRR EAT NS H RN . BRar
Bz S AR M /K TR OT 2 ROC22 A /K v 2R 1 o
FY INQ<I1 AZh, FHATEFREED INQ AT 1.37~3.22
Z 8], e, TR AR R R . AN
JITH 250 u R A M R 251 RET T A R, AN
PRERET H REA P /K P e d CRASEE— D ERARI KT, 43
A 10.20 F1 5.54 kJ/100 g, YER—Fh B & XUHRA A

KT8 FH A F T 2 A
24 AEGMHEEYIKPFERERMERESE

IR | B i M SR PP R TS SR
{HAYEEEFER, A<306 LT 2 R ROC 22 il A%
HEEAR K AT RIR 15 FD 14 Fh i s s 205 (L
2% 6), BT A AR . SRR . IR 7 B AL
7 A IR (EAA) , Ui 28 2 L8 S5 (TFAA) 435k
705.13 F1 184.03 mg/L, S5HRRHHN " A& H i H REAE S
K TFAA S5 500 mg/L BUZESRAER R 2 - —20, B4
B 14 25 55 0 5 AN TR] it b R AS B S0 SR o B 22
A K, AR P EAA 5 TFAA 19 LB {8 (EAA/
TFAA) 53 K5 69.92% Fl 65.96%, T4 J Hovp
B R R A R PR, & ik B 474.67 F1 118.11 mg/L,
A3R1E EAA BRI 96.28% Fll 95.32%., JhE R &
— PRI E IR AT, A WRE A ST | R
KEH MR, X AR R B RS E A, AR i
REfE Bt G AR TR ALY . FRIEE R LIAF
OB R, KK gl S H A S B b R
Z TR . IR AT SRS, BRI T AT R
F 5 A R 232, AR S /K ELAT A v 1 5 U Ll 3],
TR ISR B IR &R = 1 — A # bkl
25 FRISMEFEEYKIELAMEESKS

ARG PSS W) St A H R AR Ry T X H AR
JK R FAGI Y 62 R4 K 4y (UL 7)), FELT Hz R
BE. ROC22 [WRETT H 3-SR H 36 F1 33 FhfaE &1k
WAy, " HE I B T 29 B, LRSS 10 F . %
JE 12 Fp, RIS 1 PP BEZS 1 PR, HUE S FP. FELLER
SRR H A K PR Y 34 FE R PERT, 5
REVH LA 2H 43 18 B, JLvh L FR S 7 Bl . S
7 FPLFRIE 1 AP ERIS 1 Fh . HUE 2 Bl 7E ROC22 1Y
H A A MK T A Y 41 FRE R Sy, Hih 5
REVHILAT 4 53 20 B, AU 4EEESE O Bl WESS 5 B 1R
Je 1 FbL BEZE 1 AR HE 4 b PR H M K P
HEWLH 53R 26 Fl, FohBEs 12 v 25 6 Fb . 12
2 3 Hp | figZs 3 Fh, Hie 2 Fho

MR EE SR DAE Hy, T R 3 e oy LA P
Hte | BESHIR, AR S S B B o R v

6 AR R K E IR S O (mg/L)

Table 6 Amino acid composition and concentration of cells water from different sugarcane varieties (mg/L)

WiH AN ROC 22 WiH 21 J2 R ROC 22
e 2.5540.053" 0.18+0.035 AR 5.74+0.057" 2.5740.071
R 474.67+0.853" 118.13+1.206 225418 100.64+0.315 23.53+0.304"
ETERN 11.62+0.351° 3.50+0.045 EEEAN A 0.89+0.047 1.85+0.040"

Sre s 0.96:0.045" 0.47+0.049" REH R 5.24+0.050 -
SRR 0.610.050 0.14+0.015 2 e 212 21.96+0.1217 5.94+0.206"
EHAR 1.23+0.040" 0.66+0.049 % 2R 2.2740.053 0.39+0.056

I AR 1.34+0.046" 0.85+0.056" TFAA 705.13+2.432 184.03+1.090"
KR 29.57+0.903" 22.36+0.609" EAA 493.00+1.237" 121.38+1.075°
R 45.82+0.268" 6.01£0.174" EAA/TFAA 69.92+0.083" 65.96+0.251"
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Table 7 Volatile composition and relative concentration of sugarcane juice and sugarcane plant water

AR it (%)
LR EAEF ] (min) YER P T 44 R HETE H K
21 PR ROC 22 A2 7S ROC 22
25 (20F)
7.102 1784 -3- Pt - - 422 220
8.136 S 0.95 - 1.86 0.72
9.252 E 476 230 5.44 2.62
11.194 2- P 9.73 2131 5.11 3.02
11.333 -2~ P A - - 3.35 2.95
11.922 4-FRJL-5-C -2 - 0.43 481 0.41
12.204 ECEE 2.50 1.38 6.31 2.01
13.146 it 0.75 0.57 0.55 0.35
14.088 2 1.13 1.40 - -
15.034 -3 H5-3- 1 3.02 3.59 0.77 0.57
16.217 S - - 12.6 8.77
18.217 TEEE 1.09 1.03 - 0.68
20.071 2-3F -1 - 0.95 0.9 - 0.49
21.588 +— 0.59 0.53 - -
21.944 3 - g Y it - - - 0.28
22.945 2- R - - 0.41 -
28.468 LG Al 0.36 - - 0.43
28.577 AR - - - 0.73
29.485 KL - - 0.53 0.33
34.410 (-)-SEPABE 2.86 1.47 3.84 9.00
S (18F0)
3.113 S 7.00 6.17 - -
3.599 2- WAL T - - - 1.68
5.160 IECU 9.69 16.85 0.92 -
8.320 5\ JiE 0.69 0.54 0.32 0.43
11.432 2-pRE 7.08 0.73 - -
12.653 5- KRN -1- T - - 1.45 -
13.037 14-/\ F I - - 0.49 -
13.326 T-wE 0.81 - - -
13.857 5- LK NOM-1- T 3.80 2.30 0.68 1.60
14.248 S22 3.20 3.08 0.05 -
15.306 3- MBI 2.58 0.95 - -
15.598 (E,E)-2,4-BE It 0.83 1.31 - -
15.639 3-HEE - - 8.19 8.41
16.935 35k -4-F A R 0.52 0.48 0.69 0.42
17.200 T 1.81 0.82 5.08 5.67
17.482 2, 5- ORI EE - 3.83 - -
21.030 R 8.92 3.35 3.45 1.15
22.890 2,4-T- I 0.26 0.44 - -
R (5Fh)
15.690 IR - - 1.4 0.67
17.455 3R 3.62 1.56 2.79 2.78
30.781 FER - 0.99 0.61
36.134 TR 0.48 - - 0.44
42.511 AR - - - 2.82
B2E(8F0)
10.442 LR T - - - 3.02
15.204 FH % BT 0.21 - - -
17.645 TR LR - - 0.51 -

25.499 4-2 R R2-T R 0.44 - 5.30 1.11
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EANE ) ROC 22 EANSE ) ROC 22
28.124 2,2,4- = HIBE I TR T e - - 0.86 1.37
33.124 TR g - - 0.38
44.089 SR H IR R T R 2.61 4.15 1.50 3.19
44732 R HRR R - - 0.98 -
HE (11
2.178 Z Wik 9.09 10.29 - -
5.133 TR ik - - - 16.84
5.616 2- bR BEsi AL L e 0.99 458 - -
8.490 4-GRUT 36)-1-37C M 1.00 - - -
9.415 5- (P B2k U )+ Fibe - 0.51 - -
12.823 Bt B - Sy i\ - - - 0.63
17.955 (+)-1,7-=F-a- B - - 0.42 0.72
18.741 T 0.64 0.77 - 2.19
19.037 EXNT - 0.04 - 0.20
19.115 0 AN 0.44 0.68 2.70 0.50
39.396 2,4- T HAKE W 0.36 0.55 10.60 5.04

W) R Y 75.88% Rl 75.76%, HiAp AR X &
B IE O 2R OME . 2-B0E, 1-3504-3-I9, &g
FLRVESE, HIRAR K R PR R A T 8
A, 5 R RS R M R
Y 50.00% FN 60.61%. H A K A 0945 K P
SrABEEY i 22, BRI 49.80% F1 35.56%,
HorpRopls | 2-BE | 1-030E-3-0 . IEC B, (-7
ARSI AT & B3 = . P H AR SO Hh e Jox
FAAERT S A i B TR, M 47.19% . 40.85%
TRER] 10.32%. 19.36%, XL 5 B4 5 itk
SR MG IR, By kA AR TR R N AR R R N R A
Bl A SRR B H AR K X HA TR B R R
bR, 4 AR P2 4R 2- BRI . IE OV P
12007531, (O)-SFEWAEE, 5-+/UsilE ., 5-2.3E30%
Y- 1-FR R | 3-FR5h-4-FH AU ORI | DR . 2R
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AW RFETIRRL T T 259, L 800 nm. 50 nm
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FHELL/ N FE R BRI A BN S W, 2 DA
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FIRRIERIR, YIS 8. 4. 8555 2R onE DU K%
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